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(54) FERROELECTRIC MEMORY 
(57) Abstract: 

PURPOSE: To accurately read information stored in a 
memory cell by applying a voltage of the same polarity 
higher than the voltage applied to a second electrode of 
the cell to the second electrode of a reference cell. 

CONSTITUTION: After the voltage of the signal applied to 
word lines ML, RWL rose from OV to a power source 
voltage Vcc' by a controller 62, the voltage of the 
signal applied to a plate line PL rises from OV to a 
voltage 'Vcc', and the voltage of the signal applied to 
the plate line RPL rises from OV to a voltage 'Vcci*. In 
this case, the voltage Vcci applied to the line PL is 
the higher voltage than the power source voltage Vcc, 
and generated by a bootstrap circuit. In this case, the 
voltage Vcc1 is so decided as to obtain a hysteresis 
loop for suitable reading according to the qualities of 
the ferroelectric capacitors FC, RFC. 
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(57) mm^ 

m{*^^^/^i^^FC{z\tm& r-vij T^t^isQ-^n. f 

CcD4>ffiS^^tt 1 o o p 4 fcl&oT^fl^TSo U 

r > X ^ ^ U -fe;!^ R M C cr>^^a#:=^^ / 1 >- ^ R F 

cjc«mffi r-vij ^r)t&Mmti^±^umEE r-v 

2 J itmm^tl. R F C<D^^fii«:i?f« 1 o o p 1 5 fC» 

roj ^m^m^m^^iz^t^mmMco^mmit^n^n 

SCI. USC2t;&S« Ruc<D»mm^(o» 
mm\t'^\zvsci 3^ys.^c use 13 
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(2) 

1 

)v<D^mm^^^ni^^(D'm2(DmM\z^\^x. ^n.^ 
e. 

f2l2fS-fe;KD ^ y t V iJ' OSa BS i; ® ^ ^ 

\zm^^nrc7.'iy^>^h^>i^:^^^i. mi:i^^zs 
m2<onm^mv. m^7.^y^>^h^>i^x^\zm 

hm\zmm^nrzmm±)\^t^m^. x^y^> 
^h^>i^7.^i)mm^miz^^L^\zm\:fy hmm(o 

SBT^oT. 30 

m^m\.m^m\z. mtm^'^)v<Dmmm^^^ni^^ 

CD® 2 <DW&\zn\^xm 1 <Da£E<£:B3inb. MfH#HS-fe 
;K^)^»mf*::^^A'>i5^©^2(7>affiJrS*bX> 

1 <^«JE<hS^coStt<D|g2(Z)«jBE&9iin*r^«JEH3ira 

[0 0 0 1] 40 
[0 0 0 2] 

t:>©»R«ff=¥^/^>'3^tC^D 1 fcfy h^««-r^ 1 T 
r - 1 C a p:;WC;&^*S« 50 
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2 

[0 0 0 3] 09«. lTr-lCap:&^^«fflb)t 

!y 5^ > h ^ > i^X T r O V - X tC^fc* b— :&<7>mS:<^^ 
h*^ffl^^nT:feO, X^-/5^>^h^>>^X^Tr 

[0 0 0 4] C(^lTr-lCap;5S;«:Sffib 

>7&^S!^$ n;^c#fi^ffi X-f ^y^>^h^>5^X^RT 
rt. X-f *y5^>iJ?^h^>>?X3^RTrOy-X(;i^b 

C{C.fcoT«^$n^#8i-tr;VRMC;&t^tt^n, X-f 
5^ >^ h ^ > v^X R T r cDy- h75?^#Mffl HJ® 

RWLicg^$n> ^mm^mn.^^\ni^^'SLYO(r> 

ffi;&<S!)«ffi)&t#ffiffl:/U- h«R P L (cSlKSnTli 

e»lf:yh^BL, RBLlC^^O«Jff;f5^tB«ra$n^<2::* 
JCfT«4»leIB6 2 35^e»'7-H«IWL. RWLiSJct^yix- 
-h^PL, RPL{CR^r^(Daffi;^t^ini$n. 
B L <i: R B L i:C0«miMl!lii>XT>7'S AOA* t 

[0 0 0 5] 5fer. ^fi^irJl/RMCtC*^ TO J IBIft^ 
nTV>;5S>&IC:fettS0 9 rr^b:/5: ITr-lCap-t 
;K7)Se*0^^aib»jf^tcai^TS l O, l l Sr#HSb 
Uii^^mM-^^o 0 1 o«#fiP.ffiir;PRMC{c-^^ 

roj :0^ffitt$nTi.i'5S^{C:fett'5S9lC^T^SSg 

L. PL, RWL, RPL, BL, RBLfC^lin^nS 

m^o^^^^z/^^\—vxtbXi. 01 \ nm \ ofc^ 

f»fP(C:fett§^Rm«^^^/1i^^FC. RFC<7>5>ffi 

(P) -«Jffi (V) (t:x^U'>x;i/- 

[0 0 0 6] 09 {C^-r ITr-lCap 

rij , roj ^^S^ji^nrvi^tt^-c^^RSflcc^^ 
^/t>-i$^F c<D5j'ffijKS8tt-en-?n0 1 1 tc^-r 

TAJ , FBJ «C?^oT(.^So #B9ffiaSf««:=^ 

#fiM^;<^u-fe;i'RMCti. Sfc roj Tj^tfatt $nfc«^ 

[0 0 0 7] ^^ffib^tc. 0 9 tc^TfrSiHHllilK 6 2 

ic<toT7-H«iWL, RWLjcB«in^n^e^®«jE 

36t0 V;&^^mJS«iE rvccj JX3l:-&±*<o)S:«. 
-hJgPL. RPLJcBISD$n-5<i^CD«E)&«0 V;&^e> 
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(3) 

3 

«EE rvccj \ziL^±.ffi^o ^njCctoT. ^mmw 
;^-y(D^a)SJE r-vij :6«sijp$n, 

iBfirt«)0« rij Tfe^^^Jc^ste-rs^o^ roj t 

y 1 o o p 5 Jc»oT^»-rS;&^ SK«ii:-r. SlKW 10 
JC TEJ tC^Ybf 'So 
[0 0 0 8] C<Dct5lC^^lllL^{C:fefrt^^K««w:t^ 
^/1'>i5^FC<DiJ^ffi«!8*t^ft;'r-5jaS(C:fel^T. iJ^g 

«?^cD^^l!r»i. rij ;^t#^32i^nTV^^t#(cJi^ 
1 IT^^nsS C (Switched Charge) l^i^r), 
r 0 J ^OtS^riA^^nTVi-S ^ €r{C«U S C (Unswl tched 
Charge) 2 LfZ^. il(^^^tHL^JC:fe^t^#^ 
ffl^^m^^ >^i5^ R F C <D4>g«Sg3&^^>fb-r -Si^S 

[0 0 0 9] :in^(D^mm^<Di»Wim.\t.\^yVUB 
L, R B L (D %&:<Di^^ $ tc ^ei^^n^o •r)a:t)'^> Cl 
n^o^ffie^o^giE^UTify hSBL, rbl 

1 0{C^-rJ:'5tC, tf-;h^BL, RBLCDa&^Hill 
•t>X7>>^SAT«^fflUTiii[iT^;i<!:T, ^^U-fe 

;PMC(c rij roj (D^^-^^nm^^^nx^^^ 

bf^^ h*lRBLCD^tt{:iit'<T::^^li«'&lrtt^^rUM 

c{c« rij j^^iBe^nrvi^stixT^^Bio^fTVi. so 

—Z^. tf-/ h^9BL(Dm&;5^bfu/ h^RBLc^mfirtcit 
^T/jN$ViS'&tCt^;<^UMCtCfi roj ;!^tE1i:$nT 

[0 0 10] tiEoT> p<^U-lr;i/MC(D^^^D^IE«i 

\znorz^\z\t. m \ i\z7^r^mm^mmv^^^/^i^ 
^R-Fc 0:>^mn^o>i»mm\j sea -v 
F c (D^mmm<Di^mm.s c i h»mmmo>i»mm 

us c 2 tc^PH^l::t85£T^i£^SJ^^^&^o 
[0 0 11] e:<7)cfc'5lr#^ffl3Sfi«flc4^^A>'3^RF 
c (o^mmmcD^mmu s c 3 ^^^m^^^ ^ ^^3^ f 4o 
c <o4>s«??f o^iftau s c 2 .fc 0 fe:^€r < ^^tcisb 
\z. mi ijc^-Tcfcdic, ^mmimm^^^nz^^Yi 

FC(0^^ge#otx5=-U>'X;u-:/i 00 p stiSfiS 
H^^:^ ^ni^.^YC (D^mMM(D t X ^ »j X ^v— y 1 

[0 0 12] #Ba^-fe;i/RMCJC«^ rij 3&t|5 a) 



4*ffl¥8-3 2 118 6 
tg^tlTV^^S^fCcfett^® 9 IZ^Vfz. 1 T r - 1 C a 

v±jv<D^i^5f^o)m^mvmmz^\,^xmi 2, 1 

mvufi^i^mm-i'^. si 2«#figfflir;i/RMC(c:«Np 

r 1 J i)mi&^nx\^^^m'^\z:^if^m 9 {c^-r^if ^ 

tt;<^Uir;VOM^mUi!lf^{C:feViT, WL, PL. R 
WL, RPL, BL, RBl.izmM'^n^m^O^^'i ^ 

:^^^^^\.'t^$^r)^ H 1 3 ^3:0 1 2 Jc:^-r»ifP(c:fett 

^^iim^^^Ai^^FC, RFCCD5>ffim# (P) - 
mjBE (V) CDl^ttfflje (t:X^U>'X;l^-y) ^£^^^5^ 

[0013] ^9 JC^f lTr-lCapir;Hr 
rij . roj *t»^a2.*nTV^S«S8T«^ii«#^ 

-v^/tv-^F ccz>i^ffi«sBii-^niFns 1 3Jc^t- 

TAJ . TBJ \ZU'dX\^^^. #fi^ll^flS#:4^ 

Y/ti^^RFc©4^ffi«sgfi. m^mvmffFmmm\z 
\t. ^\zmi ifc^-r rzj \zf^^x\f^^. -rtsit^t^. 
mmm^^'eutijvRMcit. mz rij fmm^nitv^ 

[0 0 14] ^^mu^fc, ^9^f ^m^iBiKe i\z 

affll[olK6 2lCj:oTy-HSWL, RWLtCfflUn^n 
sm#CD«ff^O V}&^e«JIS«JEE rvccj \Z^t>±Vf 
cnrci:oT. ^^«ft:^^/^5/^FC, RFCIC 
««JEV 1 ;^^tB3U0$n, 3fiK«#:=^^^/t'>i$^ F C<D^g 

«J8ttH 1 3 (;:^-rt X5^U vx;v-y l o o p 4 JC» 
oT^abT^J^WJC TFJ {C^ib-r^o :i<Dtm. ® 
«m<l^^A-Av:$^FC<053^ffi<*ffi«, tBIirt^^^t rij 

x$>^m'^\z\tR1^V:f^\^^t(^. roj 

i^m\tm 1 3 fc^f t:x5=-u i^7.ji-:f i o o p 5 tc» 

[0 0 15] C:0<fc'5tCK^mb^lC*5ttSKR««:=^ 

^/'t>^i$^FC<7)^ffi4*^)$>t^^b-r^3l5gtC:fe(.^T, 

roj f)m^ji<^tix\^^^h^\z\tm 

1 3T^$nSiJ^ffim^<Z>3»»«SC6^>iD, rij 

f}m^j^^nx\.^^L^\z\t^mnn<D^W}mvsc 7 

^^/'^i^^RFc<D»m^mi>^3tit'r^mm\z:^\^^x. 
»mm^(D^mm\t. mi 3\zm^n^»mmm(Di»m 

[0 0 16] «eoT. fl9^bfcJ;3tc, ^^Uir;UMC 

^ Af^^' R F c o)»mm^(Di^mmv scs 
»mm^(D»mmu s c 7 1 ©ratc^^-r §i6^s*^* 

[0 0 17] CC0,t^tC#fiiffi^««#4^^/^i^i$'RF 

ciDij-am^to^^iiiau scs ^msmi^^^y^zy^ f 
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(4) 

5 

F C<D^mmm(O\^:^^0 zyT.JU-':/ I OOP 5^^^^ 

^/^i^^Fc <D^mnM(D t x 5^ u e^x 1 

o o p 4 fcJt-^T, <8^)5i^:^^<fiafttt5&^<g:Tbi/^c1#tt 

[0 0 18] glQJr^f <k"5;^^»5gtt;3t^UT«. ^ 10 
L ^ U -feJl/M C a>l21Srt§OK^m D Siff tC;^^ < 

F c (Di^mmm(D^mms c, i^ffi«^^(7)^»fiu s c 
t»mmmmmi^^^r/^>^d^ rfc (D^mm^(Di»m& 

vsct(D]tmz^r:>xfft^ti^:itti^^. itm<DMm 
t^^^^mm^mmi^i^^/^i^^ f c <h r f c t<Dmm 

[0 0 19] tiSfoT, m^\z^'r^ow^n^^:^=e^) 

X\t. ^^UHr;UMCcDT#S;Sttifi»tcitlfco^l^i: 
[0 0 2 0] 

J t^r: ^fr?^M g^jt':3#B^ffli;;i.R M£^. ^2^^ 
^)yyic (Di5-m\z^n^nw M'^^j i. ^i^yjo^^m^ so 

l[M^??7Jir;i/R M C 0 r&a6-5®ffl*t:^^J5:ieSJc;a:o 
[0 0 2 1] ±^bfc«£*Slg(DrajS^{c« 

^ffift-r^ d ^: ^ a w t-r §o 

[0 0 2 2] 

nf)^-:^\zmm^nti:^^ >y^y9Y^>v7s^ m 
mtmyx^}^^ hm\zmt^^tircmm'tL)vt^m^. x 
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)]^<D^mm^^ ^/^>^i^<r>^2 <Dmm\zMvxm i 
(ommizsavx. m&mKommtm-max. j&^o. 

[0 0 2 3] ^Tc. ^^mcD^mmt^mm&mi^. m 
>y^>^h'y>z^:^^t. mi^^zsm2o)mm^^ 

U ^KX^-/5^>iyh^>vXi$'tC^lCDmffi){^^g^j^ 

m-^tifz^m'tJVh^m^L. x-r y5^>^N^>>?x^ 

(Dm2<Dmm\zMvxmi<Dmm^^mv. mmm± 
)i<D^mm,i^^^/^iy^o:>m2(Dmm\zi^i.x. mmm 
1 (DmEE^RM<Dm^(Dm2<Dmm^mM'r^mmmM 

[0 0 2 4] ^Tz. *^0JO^RS#:faffl:g@«> »^ 
[0 0 2 5] 

[f^ffl] ^mm<D^mm»mmmmx\t. m^rnvmi^ 

m\z. mm^m^m\z^'DX. m&±jvo^^mmi^^^ 
/'%zy^<Dm2<Dmm\znvxmi<omEEfi^mm^n. # 
m't)v<o^mm^^^^r/'ii^^(Dm2<Dmm\zMlyX. m 
mmi<Dmf£tm-m^x. tf^-D. mi<Dmm^r)m^^ 

[0 0 2 6] ^(o^v\z. mmiL)i<om2(Dmm\zMi^ 

mi^cDEE^miMT^^tx. mm-^Di^cD^mm^^^r/^ 
>-^co3aK«<^Ko4J^ffi«?^cDtx^U v'x;p-yti. 

mMM(r>i»Wim.^. W&^Mz rij ^^^^iBtt^nri^i-s 
m-^Mz roj ;&^Eti^nTVi-5Jg^o^si^^o^{fc 

[00^27] ^fc. *%9g©^Ra«:iatssg-c«, ^ 
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7 

[0 0 2 8] 2:<0<fc'5(C. #M*irJK3[)||2<7)SffitCJtb 

Ttsii-ir;v<©ll2om®tc^in$n^mfiEi^^coffii4 
«^^<z)»a«&. wmLMz rij >&tE«$nTv>^® 

roj ;6tiaiS$nTVi^S^(Di>ffi«S8(7>^fbtc 

[0 0 2 9] 

-^w^^^"^') hmm^M^<D^^^)^m^^^o fib, 

M C <D#B^ffi^Seft::^-^ Av-iJ^ RFC i: LT[^ U^^g 
iavm\z^\^^X. #fiiffl;<^U-lr;i/RMC<D:/|/— h«9 

- h j^P L ICHJUnf ^SaiajBEV c c \Zit^X±^ < V 
[0 0 3 0] 0 1 tt#Mffl^tU-fe;^RMCtC««r 

L, yV-hiSRPL. #^ffi'7-H»RWL, 

1/- h«|R P L fc^uu^n^fi^co^'^ ^ >^^^- h 

x^o. m2\tmi \z^'rwjmz:^n^m 9 tr^f 

mfr=^^^/ie^^FC. RFCCDiJ^ffiS^ (P) -SJE 

(V) <7)#tttt» (t;^T'U>-7.;i/-:?^ ^^^^5:7 4Z? 

[0 0 3 1] *^Jfi«fJfC«^t3S^»Sgft>cq& U CD 1 T r 

- 1 c a p-fe>ii/Jc rij , roj f)m^i2<^nx^^^^ 

2\zm'r TAJ . TBJ tC^oTWi-S. 
R«flc=^^^/^'>^RFC<05>«i«S8«> K^fflbftffK 

SfiMtc«, mzm2\zm-r thj tc^oTi.i^)o -r?5::b 
0mm^'EV±)i^Ruc\z\tmz roj jo^sts^n 

[0 0 3 2] a^au^lc, SlJc^fJ:^*::, S9«c 
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8 

^mmmmme 2\z^^xu-]^mwL. rwlicbj 
Un$n^^^<^>«jBE;5»to V7&^6«aim£E rvccj \zil 
■^±J^>^o:?t». :/u-NJBPLtcHiSD$n^m-^a>mffi 
?;>to v;^^€,miE rvccj \z^t>±f)^^tmz:/u-h 
mRPi^izmtxi^n^mn<Dm&f)^ovf)^^m& rvc 
c ij \ziL'^±f)^^o eieiT?. yu— hiSRPLtcWJio 
^n-sasEVcc IttHJgSEEVc c<fcO:*:€r;&:S]ET 

h y y :/m^^m^^xmmy c c 1 ^%±vx^^^o 

«ffiVccl«, ^Rmfr^^/Xi^^^^FC, RFC 
:/V-hjBPL, RPL(Dit'^±;&tO(CJ:oT, Si 

Mmft^^i-Av-^^FCj^jimjEE r-vij ;^»t^jn$n, 

Uv'X;!/-:/! o o p 4«3»oT»ftUTSJ»«lC 

FCtrfi^ffi r-V2j ;!?t^ln3$n> #^^^^^^4^ 
'V'/t vrJ' R F C<^43^S4^^«^ 2 ic^-r t:X5^ U ->x;P 
1 o o p 1 5 tC»oT5gPlftL.TSJK«J(C r I J \z^ 

fi. mt&^^f)^ rij Ta&^:®^tcs^fi'r^7&^ 

roj T»s«^fcfiKeu?5:^io — 

Av'^^ R Fc<D»m^m\m\zK^i.:^^^o 
[0 0 3 3] ^<D^o{zm^uvm\z^n^^mmi^^ 

mm(D^mm\t. rij :^ts^^x^nTi.i^i^ims 

2T^$n^i^S«^C0^«iasC 1 roj At 

m^ii^^nx\^^^ii^\z\t^mmm(D^mmvsc 2 1 
;^5o z:(Dm^mvmz^if^mmm^mm#^^ 
^r/^i^i^RF c(D^m^mf)^m{tr^7^m\z:^\^^x. ^ 
mm^<D^mm\t. m2\z^'^n^^mm^(D^mmv 

SCI 3 tJ^So 

\z. ^mm^mmf^^^r/^-^^RFcizmm-r^mEEv 
c c 1 ^s«ffi3i»«*^^/^s^:5^FCJcH3an$n^« 

^vc c\z^^x±^<vx}.^^z,hf)^(^. mmm^m 

^mmf^^^/'^zy^F c(Dmmi:m\:^\zvx^. m2\z 
^'r<ko\z. 0mm^mmi^^^/t>^^RFC(D^mm 
^^cDtx5"u OOP 1 s^mmm^mm#i 

^^/^>^^FC(D»mmm(D\i7.y^Vi^7.JV—Zfl oo 

v4\zit-<x. m^f)^iz^<mmmmTvrc%(^\z'r 

->^RFc (D^mnM(D^mMv s c 1 3 c <D^m 
«?^cD3»«ias c 1 t»mm^<oi»m&v s c 2 t(Dm 

\zm^'r^:itf)^x^^o ^(DTzib. ^i(i-tr>XT>y 

SA}C:feViT> H^yhiSBL, R B L (DmfifCS'::^^^^ 
T. >t^Uir;PMC<©iS«rt$<3!>K^^ll0^iE«tCfT'5 
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9 

[0 0 3 5] m2mmm 

U •feJV R M C ^mnVf^ ^/tS^iJ'RFCih 

RMca)#fi8ffl::/ix- hiRR p l JcBiirat-^SismjEV 

c c (Cjt^T/jN^ < bTV^^o 

[0 0 3 6] m3\t^mm'^)VKUQ\znn roj ;(^^I2 
M^UiU»f^{C*5tt^S9{C^-rWL, PL, RWL, 

R p L {rBJira^n-s^^o^-i' ^ >y5^^- hT^ D> 

04 (iE3 3 tC^'ri<lf^tC:fett^0 9 (C^T^Km^^^^ 
/^'^iJ'FC, RFC©5i^aSffir (P) -mjBE (V) o# 

[0 0 3 7] ^mmm\Z%t>^ l T r - l C a pir;KC 
rij , roj ;^tS^a*nT^iSJKffiT«i5«ffl3aR 

TLj . rjj {c;&:oTViSo ^mmmmmw^^ 

^/V>^RFC<D5>ffi<ft!8«. K^fflbIftfPiBS6«ric 

[0 0 3 8] ^^fflb^jc. 03tc^-rj:'5Jc, m^\z 
iD5n^m-^<7)mff:^^^o vd^e^i^SjE rvccj triE 

;^«0 V;0^e»«JE rvcc2j \Z^L^±.t^^hmz^V- 

h«RPLfca3iin$nsm#<o«ffi)&to v3&^^«flE rv 
ccj ici:"^_h}^t;5o z.n\zx^x. w.^m^mm{¥^ 
\/^i^^¥C\z\tM^ r-v3j 3&tHJin$n. fEltffiSi 

«m#=^^ /t >- F C a>»ffittl8«0 4 (C^-r t X 7" U 

SxX;l/-y 1 o o p 2 4{C^oT^i(lbTSJ^WJC 
TKJ \zmt^^. ^Tc. ^mmi^^'^/'^zy^RFC\Z 

\tnm r-vij T&tffljD^n, ^ss^^^^-^/^v-^^rf 

C(Z>:^S4^^«ia4tC^-rbX'T-U>^x;U~:/l OOP 

m^^f)^ rij T^'2>i©'&«;:«Sg'r^75i^ roj 

C<O^W^m\tM\zKm\.U\,^. 
[0 0 3 9] e:(7)J:3twa^aL«ftc43frtSiB1SfflSS« 

mw^^nzy^¥C(D»m^mti^mt-r^^^mz^\^^ 
X. ^mmmco^mmit. ru i)m^ji<^nx^^^t: 
^\z\^m4X7Fi^n^»mm^<Di»mms c 2 i 

0, roj dtS#ii^nT«ri-5a:#(C«i)'ffia:iSf<0^a 
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R FC(o»m^mi)mit'r^^m\z^ 

^»*USC2 3<hJ^^o 
[0 0 4 0] f«> *^M^JCD:^»^i4^^UT«. r^'l- 

-hmphizwrn-r^mm rvcc2j 

[0 0 4 1] z.<D^o\z. ^mmmx\t. m^mvm 
\z. m^m^mmi^^^r/^i^^Fc\zmM-r^m&vc 

10 c 2 t:mmn»^^r^^zy^ RFC ic9«ni$nS«JEV c 
ctCit^T/jN^< LTVi^il<i:d^e>. ?i^«#:=^^'V'/'^i^ 

R F c(^>4i^ffi«^<a*5cfcr;wa&iBitffi^^e*=^^ 

/lix^FCCD-eniil^UfCbT'b, 9fiKS*4^^/^>^i5^ 

RF C(D^mm^(D}^X'rUi^7.)l—:f 1 o o p 2 5^ 

xjv-:f 1 o o p 2 4 \zit-<xm^f)^±^ < m^m^^^ 

yvrch<D\z-r^^ti}^x^^. ;zn\z^^x. ^mm 
^^^/^>^i^RFC(D^mn^(D^mMvsc2 3^m 
mm^mmi^^^^'ii^^ f c(D^mmM<D^mms c 2 
20 1 2:5J^as^<o5^»au s c 2 2 hcomizm^-r^ ^ 

bf-zhieiBL, RBLO«fi:fcS-::fliT> ;jt^Uir;i/M 

c(Dm»i^^(Dm^WLK)^iEm\zno::hfi^x^^. * 
»^^/^i^^RFC(Dmm^mtkm^mmi^^^nzy^ 

F C\zit^Xiz^<T^*^-m^^<:^.r). mtlzit^X 

[0 04 2] msmmm 

^mmm<D:^w^^^'e^j\t. m9\z^^mmm^^o 

'\r.)]/RUCCD^mmi^^r/^zyi$^RFCt:iyX. pt^U 

:felriT, #P,l9;>^^U'feJPRMCCD":/W~M8RPLJC 
BIJn-r^«ffi^, ;<^U'fe;PMCCDyi/-h«iPLtCff 
arr^«jg«J£V c c izit^X:l^^< LTV^^o 
[0 0 4 3] *||ffi0O(O^»5!e>t^U-fe;KZ)K^fflL. 
4^ idf^tC^Stt-S^g fC^-rWL, PL, RWL. RPLtr 

*IIJg0«(D>F»^ft;<^U(^)»jf^fC:fcfrt^0 9(C 
^-TFC, RFCc^iJ-Sm^^ (P) -mjE (V) <0#tt 

[0 0 4 4] 0 9 (c^Tl T r - 1 C a pir;Pt:: 
rij , roj *«»^>i*nTVi^«ffi-cfi82ii^5SR 
/i'>3^ F c ©4j^®«a8 f^^n^ns 5 \z7ht 

TAJ . FBJ \zn,^X\i^^. —fS. 3fiR«#:^'V/^>' 

50 ^RFc<o»ffi«iett, m^m\^9iVmWimz\t. %\z 
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m^\Z7rcr rpj ic;^oTVi^o 

[0 0 4 5] m^Wivrnz. aitc^-Tck^tc, m9\z 

in^n^m^comjE^^o v;5^^SMmjE rvccj \z^l 
%±.ti^^fc.^. :/v-Ym^'L\zmm^n^mn(Dmm 
f)^ovib^^mB rvccj \zsLt>±i^^^ti:k\z:/u-b 
mRp L\z^m'^n^mn<DmEEiAovfi^iomm rvc 
c ij \ziLt>±'^^^o z.niz^'DX. mmm^mmi^^ 
^/^i^^Fc\z\tmm r-vij ;&ta3jo$n> laitiaa 
Rmfl^^^/^v-iS^ F c<o^mv^m\m 5 tc^-rt x5^u 
i^xji^-:/ 1 o o p 4 \z^-:>x^mvxmmmz roj 

r-v3j )5^tBJini$n. »»«*^^/x->:$^RFC(Z)i^ 
S^^Jis 5 rc^-rtx5^u ->x;u— :/ 1 o o p 3 5 1;: 

x^^m'^\z\tKm-r^f)^. roj x^^m^ 
mim\tmzR^hu\^K 

[0 0 4 6] ^(D^'^\zm^mvmz:^\tf:^mmmmm 

^\z\tm5'vm^n^»mmm(D»mms c 1 tur). 
roj f)m^ji<^tix\^^^t^\z\t»mm^(D^mmv 

^^I'/^v^^R F c(D»m^mft'^mtT^mm\z:^\^^x. 
^mm^(D^mm\t. ms\z7jk^n^^mmn<D^m& 

USC3 3i:>i^, -TtS:^-^, ^mmmx\t. ^gSft: 
/'^ v-^ R F C <©4>ffi«^<l:feci:tOT«^ffi«ffl3a« 

m^4^^/^->:$'FC{Clt'<T#^i>:;^^<T^Cia:T. ^ 

mmi^^ ^/iv-^RFcc^^fcx^^u '>x;i/— r?'©^^ s 

[0 0 4 7] *SIJSWc^)^S5!tt^^UT«. 

-h^RPLJcWiD-T'SmjE rvc c ij ^—tSif^U:/ 

[0 0 4 8] ;i<D^^\z. :i^mt&t^x\t. m^mi^m 
\z. ^mm^^^^/^i^^RFciz^mT^m&vc c 1 
^mmm^mni^^^/^i^i^ f c\zmM^ti^m&v c 

^J±)lRMC<D^mmi^^^r/^zy^RFCtVX. 

u -fe;i/M c mmm^mm^^^/^->i$^ f c \zit^x^ 
(S>±^f3:»mmmm^^xmmt:m'D^<D^m\^^^ z. t 

m^^^r/^zy^ R F c(D^imm^(o»mmv s c 3 3 ^ 

c2h<Dm\ziEm\zf^&'r^^iiffix^^. -r^t)^. 

^r/^iyi^ RFC (D^mmr^CD t U 

1 o o p 3 5 ^mt&m^mm»^^rnzy^ fc(d^ 
fiia^cDtx^^U 1 o o p 4 jrlt'^TlS^T^t 

:k^<mmitiA1&y\^rch(0\z'r^z:tf)^x^^o 
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RBh(Dmmz&zs^^x. >t^u-fe;i/Mcc7>iattrt§c!) 
(D^mmf^^^^^'^iy^ RFC ^m^^^m^\zmzmmx 

[0049] m4^i6W 

c 0tmm ^mm^^ ^/^zy^Fc^^ zsmmm ^ ^ u 

ir;l/R M C Av-^ R F C ^ L^xm Ci^S 

ffi^^u-feji'RMctcs^ rij T^tfBii ^nrv^^. ^ 
fc. m^a\^m\zi^\^^x. #^ffl^^u-fe;i/RMCo:/ 
V- h«R P L {:!:©comEE^SJJraT^o 

[ 0 0 5 0] 0 6 l5#fi^ffi;<^U-tr;URMC{cS^ 

rij f)mm.'^nx^^^m^\z. ^mmM<D^mm^:^ 

a? L, RWL. RPL, BL. R B L ICBJiUStl-Sfg^C^) 

^-i ^>^^^—hx^r)^ m7\'im6\z^'rmmz^ 
«^Bf (p) ~«JE (V) (tx5=-u>'x;p- 

[0 0 5 1] S9 IC^-r 1 T r - 1 C a p±)V\Z 

rij . roj :0^s^ii*nTv^s«ffi-t?«i3«ffl^K 

TAJ , FBJ \ZU^X\i^^. -3?. 

^RF c(D^m^kWit. m^v^\^m^Wi^mz\t. «jc 

56? ^7tr^-r TRj {c;5:oTt^i-5o 

[0 0 5 2] ^^mb^tr. ^ 6 tC^t^cfc 3 fC. S9tr 

jssff rvccj x^^)^^-i>^mtmz. ^mm 

gS6 2lC<J;oT'7-K^WL. RWL tC^JD^tX^ft^ 
(;)mff;5^0 V;0^^mjgmffi rvccj \ztL%±J^^^. * 

-^niii^^tc, :/u-MaRPLicBiJD^n^e^ 

— S^Pa^^fev^T. yi^-MiPLi;iB3Jm$tiS«-^cc» 
SJEEd^O V/i^^«EE rvccj tcji-^idts. eintCcfc 
4^ oT, l2tiffl^^mf^=^V/t>'^FCJlfSmH rv IJ 
d^Win^n. tSttffl^^«#:=^^/1>'i$^FC<Di>ffi*^l8 
«0 7iC^f t:X5^U'>X;^-yi oop4JC»oT5» 

ni^^RFQ\z\tm& rv4j ^t^isn^n. ^mw^^ 
^^niy^RFc (D9tW^wcm 7 ic^r t x 5^ U v-X 
-p^ 1 o o p 4 5 Jc^f^-DTePiftbTSJRWtc rsj \z^ 

vct^. ^(Dt,^. w&m^mm^^\ni^^FC(j>% 

mkmt. i21Sl^^;6t flj X^^^^\Z\t.mM}^1^\^^ 

roj -e^«>«'&Jc«si£-r-5. 

50 -V'/1->3^RFC<^>i)'ffi«l8««JcSlEU;5:Vi, 
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[0 0 5 3] z.o:>^'D\zm^mv^\z^n^^^mmm 
rij i)m^^^^nx^^^t^\z\t^mm^(D^W}mv 

USC4 8^:75: -So 

[0 0 5 4] *liawo^»«tt;?t^UT?l^. 
[0 0 5 51 ^lOcfc'^ir, *^jfiWT«, K^au^ 

■7='U i^X)V-:f 1 o o p 4 5 ^IBttffl^^S#^^^/V> 

:in\z^-yx. ^mni^^^/^i^^RFc<D»m 
6 ^i»mm^<o^mmv sc? t(Dm\zwmrr^ ^7&^ 

t^-^. ^mmm<D^m^^;^'eu\zj:n\t. ^mm^m 

[0 0 5 6] ^511%^ 

±)l^RUC<D^mmt^^^/^zy^RFC^l^X. ;?t^:U 
-fe;^^! C ©|B1tffi^Km#:^-t'/1->:$' F C fClt'^^T^^ 
;*C # cfc CXffiffl^fif -T) ^ffi ^.iT -So 

mmm:^'e^j±jvRuc\z'^m ru :o^fBtg^n 
:^m4mmm\z^n^m^tmmiz. u^mvmiz^i^ 

[0 0 5 7] :^mmm<D^»m^:^'e u ±:)v<Dm^m u 

l!lf^fC:fe^t'2)S9(C^-rWL, PL. RWL, RPL, 

BL, RBi.\z^M^n^m^(D^^ ^y^^^^—h\t 

\Z:^i^^m9\Z^-r^mmi^^^ry^i^^F RFCCO 
(P) -HfiE (V) c^4*ttfi« (tX^^USxX 

[0 0 5 8] a 9 fc^t* ITr-lCap ir Jl^tc 
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rij , roj dts#jZv^nTi.^^i(^9iT^tiBtSffl®« 

FAJ , FBJ {ZfSi'DXl^^^o ^mm#^^^rnzy 

ms\z^-r ruj \z:^->x^^^o 
[0 0 5 9] m^mvmiiZ. me^z^-r^oiz. m9\z 

^'r^mi^m»6 1\Z^r:>X\£yh»BL, RBL^t® 

mmm rvccj x':fv^^-i^'^nrzwz. numm 
K6 2icj:^T*7~HiawL. RWL tc Bunion's ^i-^ 
10 <ommti^ovf}^^mmnEE rvccj tc^c-fe^dt^o * 
fc. ^n<hi^^tc. yv-h«iRPL(c^jn^n-i)^'^ 

oT> m^mm.mni^^^r/'^->^Fc\z\tmm rvu 

;&tffin$n. l5ffl:ffi3S»Sflc^^/i>'i5'FC<D5>ffittffi 

«ia 8 (c^-r t u >-x;i/-y 1 o o p 4 IzH^-dX^ 

/^i^^RFc\z\tm& rv5j >eit93jni$n, 

20 V/lv'^^RF CcO4}'ffijR5g«08 Jr^-rtXT^y ixXJl. 

1 o o p 5 5 JC»c>T^i!iLTgJ^WlC FHJ \Z^ 
ftl-r^o ^:cD^:^. fBtS«SK«^*:^^/V>i5^FCC05> 
3B«I^«5&« rij T&§«^(C«Seb>a:Vi 
roj i?ab^«'&Jc«s^-r^o -p?. aiRSft:^^ 

^/iv-^ R F c(D^mmsi\m\zR^i.u^K 
[0 0 6 0] :i(D^3\zu^mvm\z^n^mttm^m 
mi^^^r/'^zy^Fc<D^m^mf)^^it't^^n\z:^^^ 
X. »mm^<D^Wim\t. roj ifm^jL^nx^^^t 
^\z\tm 8 xm'^n^^mm^<D^mms c e <h;^ d> 
rij f)m^^^^nx^^^h^\z\t^mm^<D^mmv 

USC5 sty^i^o 

[0 0 6 1] f«> :^mmm<D:^wm^;^'evxu. zfu 

-hj|8RPL{c9JJD-rs«ff r-Vj S:-««35::/-h 

[0 0 6 2] cicojzotc. *^j6w-e«, u^mvf^ 
\z. ^mm':fu-hmRFi.\zM(omm r-vj ^gjin 

J:i;M«l<£l21Sffl^KII«c=1ri'/te^^ F C \Zit-<XS^ 
O^^-r^^tx. RFC(Ot:X5=*U->XJl/-:/(;o«# 

-r^C<hT, a^ll^4^v/^vi5^RFC04i'M?^<^^ 

»fiusc5 s^m&m^mmi$^^v/^zy^FC(D^m 
n^(Di»m&s c 6 t»ffim^sro5i^»«u s c ? aiora 
ic^^b. f^yh^BL, RBi.(Dm&^m^^rzmW)±i 

>7sT>:/\z^^U^mK>mi^^iEm\zffo^iii)^x 

50 :^^zmn^^^^(D^mm»^^r/^iy^RFc<D^nx 
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[0 0 6 3] ^^mt. ±mvrz.mmm\z\tm&^ny3i 
mRPhizmmmEEYcc^mm-r^^vizvxh^m 

[0064] 

m^^mzit^xm^i^itx^^o ^(dtc^. i^v 



i5 



[01] Sl^Jfi«ai<D:T^i¥^tty^U'fe;K^^^Wb» 
fptC^5ttSia9(C^-rWL. PL, RWL, RPLtCBl 

[0 2] 01{C^-r«lf^{r*5ttS0 9lC^-rFC. RF 

ciD^mm.'m (p) -«JE (V) a>it*feffiis (tx^u 

[0 3] ^2||iS««ia>^»^tt^^Uir;K0^^mbi5 

fPiC:fefrt'2>0 9tC^-rWL, PL, RWL, RPLlcHi 
[04] 0 3JC^-r!flf^J;i:fettS0 9fC^f5i^a*4^ 

^/xv'^Fc, RFco4>ffim^ (p) -mm (v) o 

[0 5] m3^iS^(D:i^»^tt^^UOi!jff(C:fefrtS0 
9{c:^f FC, RFCCD^^-Sa^ (P) -mm (V) (O 

[06] »4^Jfi«f||co:^»S!tt^^U-fe;KOK^5^ffibft 
f^lC:fettS0 9fC:^-rWL, PL, RWL, RPL, B 
L, RBLlcSlin^n-2)e^COi$^^^>iJ/5^-V'-ht?* 

So 



10 



20 



30 



[0 7] 0 6tC^-ri!)fPJC:fettS0 9{C^'rFC, RF 
C(Di^mmM (P) -mjEE (V) (tX5^U 

->xji^:/) *^-r0-c^So 
[0 8] m^^mm<D:^u^^:^'^')(ommz^n^m 
9\z^-r^mn^^^ni^^¥ k¥ ccD^mmm 
(p) -mm (V) <o#ttfiis (tx^^Uv-xji^-yO 

S:^-r0T?*So 
[0 9] lTr-lCap:&iC^SfflLfc:f^»S!tt;?^^ 
UOS2(j:M;^ 1 tf*;/ h«^£^^*r0-^?ab'5o 

[01 0] ^mm:^'e^)±.)VRuc\zn^ roj )&tE« 

:feViT. WL, PL. RWL, RPL, BL, RBLIC 

[011] 010 t;i^-rS£*(D^»^tt^^ U (Z)i&f^ic 

;fettsFc, RFc<o»mmm (p) -mm (v) o4# 
ttfiS (kX5='U'>x;V'-:/) ^^•r0-e*So 

[012] #^.ffi;?C^UirJl^RMCtI«© Tlj 
LIflf^Jc:*5V:^T. WL, PL, RWL, RPL, BL, 

R B L \z^is\'^n^mn(D^^ a hT*So 

[013] 012 {C^f t¥*<D^CDffi0:T^»^tt^^U 

coftfpiccfettsFc, RFco^^am^ (p) -mm 

(V) (bX5^U>'X;i'-y) ^^^-0^* 

So 

[«F^<^BiM] 
BL, RBL 
RWL 
RPL 
RTr 
RFC 



WL, 
PL, 
Tr, 
FC, 
MC- • 
RMC 
SA- 
6 1- 
6 2- 



SI»ir>XT>y 



[01] 



[02] 



[03] 



RWL 



RPL 



Vcc- 

flV - 
Vcc- 

ov - 

Vcc- 

ov - 
Vcci- 
Vcc- 

ov - 



y •7r U^X-feib 




Vcc- 



WL 



OV 



t: ^ PL VCC2- 

ov -■ 



Vcc- 



RWL 



v 



ov 

Vcc. 
RPL Vcc2- 
ov - 



'.J I 
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(;iC/cm2) 
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